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Pestome

Llenb: n3y4yeHne U3MEHYMBOCTM MOPPOreomeTpUYEecKUX NapameTpoB, onpeaenatowmx buomexaHMYECKyo YyCTOMYMBOCTb MO3TOBOrO
Yyepera Yes0BeKa K BHELHUM MeXaHNUYeCKMM BO3LENCTBUAM M pa3paboTKa ero KOHCTPYKLMOHHO-Mopdoaormyeckol tunonorum. Memodeoi:
819 yepenos NtoAeN M KeHLMH Pa3HOro BO3PacTa, YbA CMepTb He Bblna CBA3aHa C YepernHO-MO3roBbIMM TPAaBMaMMU WU CUCTEMHbBIMU
3a6071€BaHMAMM CKeNeTa, a TaKXKe peHTreHorpammbl yepenos. MeToamMyeckoi OCHOBOM SBWMACA MOAXOA K MO3rOBOMY uepeny Kak
TPeXcNonHOM 060/104Ke (PONb HAPYMKHbIX C/IOEB BbINOHAOT KOMMAKTHbIE NAACTUHKK, B POJIM 3aNONHUTENS BbICTYMAET AMUMNI03), }KEeCTKO
3aKpenaeHHOM MO Kpakt OCHOBaHUA 4Yepena, npubaukatoweica no ¢opme K NONOBMHE SNAUMCOMAA BPALLEHUA MAM K nonaycdepe ¢
Pa3fIMYHOIN CTeMneHbld MOJIOFOCTU, NEPEMEHHOM TONLMHON UM OCAMM NEPEMEHHON BeANYUHbI (OCHOBHble AMameTpbl 4Yepena). Tun
KOHCTPYKUMOHHOW YCTOMYMBOCTU — 3TO OOBEKTUBHO CYLLECTBYHOLMI KOMMIEKC afanTUBHbLIX MOPPOreoMeTpUUYECKUX MNapamMeTpos,
ABNAIOWMXCA UHTErpasibHbIMM MOKa3aTeNaMM pasmepoB M GopMbl MO3rOBOro uyepena (AMameTpbl), MaKpPOCTPYKTYpbl (TONLWMHA KOCTeN,
KOMMAKTHbIX MAACTUHOK W AUNI03), ONPeAenatowmX ero KOHCTPYKUMOHHYIO YCTOMUYMBOCTb K BHELWHMM MEXaHWYEeCKMM BO34EWCTBUAM
(kpaHMoOTUN). Pe3ynbmamel. BbiaeneHbl cnegyowme KpaHUoTunbl: 1) mopdonorMyecku-ycTonumeblii, ¢ H60NbLION TONLWMHON KOCTU M
ManbiMM OMameTpamu; 2) CTPYKTYPHO-YCTOMYMBLIA, C 6ONbWON TOAWMHOW KOCTU M 6oAbWMMKU gMameTpamu; 3) KOHPUrypaunoHHoO-
YCTOMYMBBINA, C ManbiMU AMAMETPaMU U Masoi TOMLWMHOWN KOCTU; 4) MOPdONOrMYECKU-HEYCTOWYMBBINA, C Masoi TO/LLMHOW KOCTU U
60nbWNMKM AnameTpamm.

KnioueBble cn0Ba: Yepen, KOHCTPYKLMOHHAA MOPdOI0rMa, KpaHNOTHNbI

Abstract

The aim of the present work was to study the variations in the morphogeometrical parameters determining the biomechanical stability
of the human cranium to external mechanical influences and to develop its morphological constructional typology. Methods. Under
investigation were 819 human crania of men and women belonging to different age groups, whose death was not associated with cerebral
traumas or systemic diseases of the skeleton as well as X-ray films of those crania. The study is based on the approach to the cerebral
cranium as a gently sloping, strictly convex three-layer shell (the compact lamina acts as the outer layers and the diploe makes up for the
filling), rigidly fixed along the edge of the skull basement with its form being close to a half of an ellipsoid with variable axes (main
diameters of the cranium). The constructional type of human cerebral cranium is an objectively existing complex of morpho-geometrical
indices of its constituent bones structure, configuration and size, reflecting the stability to external, primarily mechanical,
influences. Results. The following are the constitutional types of the human cerebral cranium (craniotypes): 1) the structurally stable type,
which is characterized by a great bone thickness along with large radii of curvature; 2) the configurationally stable type, which is
characterized by a small bone thickness along with smaller radii of curvature; 3) the morphologically stable type, wherein the stability is
provided by a greater bone thickness or an optimal correlation between the different laminae, as well as by smaller radii of curvature; 4)
the morphologically unstable type with smaller bone thickness and greater radii of curvature.
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BeepeHue

TpagMLUMOHHbBIE TUNONOMUKU U CNOCObbI onMcaHuA Gopmbl Yepena YesoBeKa OCHOBaHblI Ha WMCMOJ/Ib30BAHUM METOAa WHAEKCOB WU
ynonobneHun ero Gopmbl reomeTpuyeckum Ttenam. Mertos MHAEKCOB nozBepraeTcs aBHen M 060CHOBAHHON KPUTMKE aHTPOMO/OroB.
OnucaHne M Knaccuoukauma nyTem ynofobneHUsa reomeTpuyeckMm Teflam NPUMEHAETCS OTHOCUTENbHO PeaKo, TaK KaK W3AULLHe
cxemaTusupyeT Gopmy yepena, CTpagaeT CyObeKTUMBHOCTbIO M GaKTUYECKM XapaKTepusyeT TONbKO CBOA, uepena (Yalie Bcero B
BEPTMKaNAbHOM HOpMme). HYM 0fiHA U3 CYLLEeCTBYIOLLMX TUMONOMUI He YUYUTbIBAET OCHOBHYHO QYHKLIMIO MO3TOBOTO Yepena — 3aluTy roIoBHOro
MO3ra OT BHELWHMX, MpPexAe BCEero MexXxaHW4YeckuX, BO3AencTBWUi. pPWM3HAKM MO3rOBOro 4yepena He BK/OYAOTCA B OONbLUMHCTBO
COBPEMEHHbIX KOHCTUTYLIMOHA/bHbIX CXeM. B CBA3K C 3TMM npeacTaBaseTca, 4To pa3paboTKa TMNOAOrMM MO3TroBOrO Yeperna Ha OCHOBaHWUK
KOMMAeKkca mMopdoreoMeTpuyeckMx NapameTpoB, ONpeaenAloWwmnx ero KOHCTPYKLMOHHYIO YCTOMYMBOCTb Kak 000/I0YKM, 3aliumLiatoLLei
rONIOBHOM MO3r OT BHEWHWX MEXAHUYECKUX BO3AENCTBMI, ABAAETCA aKTyalbHOM KpaHMOMOrMYecKon npobnemon aHaTomMuw,
QHTPONO/IOTUU, HEMPOXUPYPTUN U cyaebHOM MeanUmHbI.

Lienb: n3yyeHne M3MeHUMBOCTU MOPGHOreoMeTpPUYECKMX NapameTpoB, ONpesenstowmx bMoMexaHNYeCcKyo YCTOMYMBOCTb MO3FOBOMO
yepena Yesl0BeKa K BHELHUM MEeXaHUYEeCKMM BO34EeMCTBMAM M pa3paboTKa ero KOHCTPYKUMOHHO-MOP(ONOTrMYecKon TMNoAornun.

Matepuan n metoapl
MaTepuanom uccnepoBaHuA CAyKUAM 719 cBOAOB Yepena NunL, MyXKCKOro M »KEHCKOro nosia B Bo3pacte 1 gHA Ao 92 net (My»Kckue
yepena) u go 105 net (KeHckue yepena) 6€3 NPU3HAKOB MEXAHUYECKUX MOBPEKAEHWA U CUCTEMHbIX 3a60NEBaHWI CKeneTa, a Takxke
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pPEeHTreHorpaMmbl 3TUX CBOLOB B aKCWMa/ibHOM NpoeKkuuun. Bce yepena npuHagnexar npeacraButensm HaceneHus CpegHero v HuxkHero
MoBOMKbA, NPOMKMBABLLUMM HA 3TON TEeppuUTOpPUM C Havana no KoHeu XX BeKa. MccneposaHbl 100 cBOoAOB Yepena NioA0B TEMEHHO-
NATOYHOM AnnHou 23-41 cm (16-36 Hepenb BHYTPUYTpobHOro paseuTua). M3 819 ceogos 250 npeacTaBastoT coboit ppoHTaNbHbIE pacnubl,
BbIMONHEHHble HA 10 CTaHAAPTHbIX YpoBHAX, M 150 — TOTanbHble WALl MaTepManom WUCCAef0BaHUA CAYKUAW TakKe 0630pHble
peHTreHorpaMmsbl Yepena, BbINo/IHEHHbIE B NMPAMOW nepeaHeit n 6okoBol npoekumax, 80 60/1bHbIX, NOCTYNUBLLMX B MPUEMHOE OTAeNeHue
1-7 ropoackoit 6onbHMLbI T. CapaToBa No NOBOAY NONYYEHHOW YepenHOo-MO3roBoM TpaBMbl.

AHanM3MpPoOBaNM CKaHMPOBaAHHble M306paXKeHMA YepenoB, Ha KOTOPbIX OTMEeYann TFOMOTOMWUYHbIE TOYKWU, a KOMMbIOTEPHbIE
npeobpasoBaHMA NPOU3BOAM/IM C MOMOLLbI NporpammHoro obecneyenna «Video Craft GIF Animator». MpousBoaunn crnaxkuneaHue
KOHTypa MO3roBOro Yyepena nporpaMmmHbim nytem. MporpammHoe obecneyeHune «3D Studio MAX» 6b110 MCNOB30BAHO C LLe/1bio CO34aHUA
TPEXMepHbIX MoZesnei OTAeN0B MO3rOBOro 4epena 4yesoBeka. Mcnonb3oBanv KPaHMOTPUTOHOMETPUYECKYH Mnporpammy. B KauyecTse
Hambonee 6AM3KOIM annpoKcMmaunmn Gopmbl MO3roBOro Yepena BblbpaHbl CpeanHHbIE MOBEPXHOCTU NONOBUHbI 3//IMNCOMAA BpalLeHus, a
TaKxke chepuyecknx KynosioB pasHoM cTeneHn NoaorocTy.

MeToanYecKkoi OCHOBOK BblAENIEHUA TUMNOB KOHCTPYKLUMOHHOW YCTOMYMBOCTM MO3FOBOrO 4Yepena YesnoBeKa SABWUACA NOAXOA K
MO3roBOMY 4epeny KaK TPexc/ioliHoi 060/104Ke (PONib Hapy)KHbIX CNOEB BbINONHAIOT KOMMNAKTHbIE MAACTMHKKW, @ B POJIM 3anonHUTENA
BbICTYMaeT AMMN03), KEeCTKO 3aKpenseHHOM MO Kpal OCHOBaHWA uepena, npubauskatoweica no ¢opme K MOAOBUHE 3Anuncomaa
BpaLLeHna uau K nonycdepe ¢ pasnMYHON CTENEHbIO NOMOrOCTU, NePeMeHHOM TONLWMHON U OCAMM NepeMeHHOW BeNNYUHbI (OCHOBHbIE
AanameTtpbl 4yepena) [1, 2]. Ha ocHOBaHWWM 3TUX MOpPHOreomMeTpUYecKMX napamMeTpoB paccyuTaH MOpPQONOrMyeckuin nokasaTenb
ycToiumsoctn (MI1Y) mosrosoro yepena: MI'Iy=4OOTK2/LI,1,£I,2, roe TK — TonwmHa kocten (Mm), A, u [, — COOTBETCTBEHHO MPOAO/bHBIN U
nonepeyHblit guameTpbl Yyepena (Mmm). Mpu Noaxoae K MO3roBomy yepeny Kak TPexcoiHoM 060/104Ke, B KOTOPOM PO/ib HaPYKHbIX C0EB
BbIMO/IHAIOT KOMMAKTHbIE MIACTUHKK, @ B KayecTBe 3anoJ/IHUTeNA BbICTyMaeT Aunoa, MI'Iy:100[4(TH+TB)2+2T,£|,(LI,1+,£I,2)]/,Cl,l,ﬂ,z, roe TH —
TO/IWMHA HapyKHON KOMMNaKTHOW NAACTUHKK (MM), TB — TO/ILMHA BHYTPEHHEN KOMNAKTHOM NAacTMHKK (Mm), T, — ToAwmMHa gMnnos (Mm),
[iv 1, — cCOOTBETCTBEHHO NPOAO/IbHBIN M MOMNEPEYHbI AnameTpbl Yepena (Mm).

Ona vccnefoBaHUA M3MEHUYMBOCTM TOJILMHBI KOCTEW, AWNI03, HAPYXKHOM U BHYTPEHHEN MAACTMHOK UCMOJ/Ib30Baiu BUHOKYIAPHYIO
cTepeockonuueckyto nyny MBC-2 ¢ okynfapHON NnHenKon-BcTaBkon. C Lenbto 06 beKTUBM3aL MU XapaKTEPUCTUKM MaKPOCTPYKTYPbl AUNI03
NPUMEHANCA CTEPEeOMETPUYECKUA aHann3. OueHKa GNYKTYMpyloWen acMMMeTPUM OCYLLEeCTBAAMAACb C WMCMNO/Mb30BAHWEM BEUUYMHDI
COOTBETCTBYHOLLEN AUCNEPCUMN.

Pesynbratbl

MpeobpasosaHne (MOPOUHT) y310BbIX IMHWUIA MoAEeNW TblOPUHIa ANA 3AUNCa B rPaHULbl 3MOPUOHANbHBIX KOMMOHEHTOB MO3rOBOrO
yepena MNO3BOHOYHbIX, BbINOJIHEHHOE C MOMOLLbIO MporpammHoro obecnevernua «Video Craft GIF Animator» no3sonuno BbiABUTL
COOTBETCTBME 3aKOHOMEpPHOCTEN GOPMMPOBAHUA €ro OCHOBHbIX OTAENO0B (NepegHero KAMHOBUAHO-peLLeTYaToro, obpasyroLerocs 3a cyeT
OKOCTEHEHUSA 3MBPUOHaNbHLIX TPABEKYNAPHBIX XPALWENW, W 3a4HEro, 3aTbl/IOYHO-YLIHOTO, O06pa3yloLLerocsa 3a CYET OKOCTEHEHWs
aMBpPMOHaNbHbBIX MAapaxopAanbHblX XPALWEA M YLWHbIX Kancyn) ato mogenn. ComnocTaBieHWe KOMMNapTMEHTOB mMogenn TblopuHra,
3MOPUOHANbHBIX KOMMOHEHTOB MO3rOBOr0 Yepena MO3BOHOYHbIX WM KOCTHbIX MAACTUH NAACTPOHOB Yepenax [AeMOHCTPUpYoT
YHUBEPCANbHOCTb MOAEeNN TblopUHTa ANA 3NNMCA B ONUCAHWUM NOAO6HbIX BMONOrMYECKUX KOHCTPYKL M.

C nomoubto nporpammHoro obecneveHna «3DStudio MAX» cocTaBneHbl KapTonabl (YepTexrmn-cxembl) TpabekynapHoro (KAMHOBUAHO-
peLeTyaToro) U NapaxopAanbHOro (3aTblJIOYHO-YLIHOIO) OTAE/I0B MO3rOBOrO Yepena YesloBeKa U UX TpexmepHasa mogesnb [3]. MokasaHo,
UYTO MMWHMMA/IbHOW M3MEHYMBOCTHIO B MO3rOBOM Yepene 06/1alaeT TOYKA, PACMONOMKEHHAA MeXAy 3TUMW OTAeNaMU B CPeauHHOW
NAOCKOCTU, KOTopasa B AePUHUTUBHOM CTPOEHMM uepena JEXWUT HA OTpesKe, COeaMHAIOWEM Kpyrible oTeBepctua. Mo cpeaHum
apMdMeTUYECKMM 3HAYEHUAM CTEPEOTONOMETPUYECKUX KOOPAMHAT KPAHMOMETPUY ECKMX TOUEK MOCTPOEHa CXeMa CarnTTaibHOM NpoeKunm
MO3roBOro Yepena, Kotopas 06begHeHa C KPaHMOTPUTOHOMETPUYECKOM CXEMOM, YTO NO3BOJ/IMAIO AaTb HaMboee NONHYO XapaKTEPUCTURY
$bopmMbl MO3roBOro Yepena B natepasbHON HOpMe. BbiABNEHA NONOKNUTENbHAA CBA3b U3MEHUYMBOCTU HEOTEHUYECKMX MPU3HAKOB MO3rOBOrO
yepena 4enoBeka — yrna usrmba OCHOBaHMA 4yepena W yraa NAOCKOCTU 6O/MbWOro OTBEPCTUA C GpaHKPYPTCKOM ropusoHTanbio [4].
O6HapyXeHa oTpuLaTeIbHaA CBA3b BEAMUYMHBI YrAa NNOCKOCTM 60bLIOro OTBEPCTUS C BO3PACTOM.

PEeKOHCTPYKLMA M3MEHYMBOCTM MO3rOBOrO Yepena B aHTponoreHese, OCyLWecTB/ieHa nyTeM Npeobpa3oBaHuMA carMTTasbHbIX 06B040B
Yyepenos wWumnaHse, ascrpasonuteka KNM-ER 406, cuHaHTpona 11 u Cxyn 5 [5]. BbipaxkeHHoe npeobiagaHue BbICOTbI CBOAA Yepena no
LBanbbe OT NUHWMM rnabenna<nHUOH B Yepenax aBCTPasONUTEKA M CMHAHTPOMA NO CPAaBHEHUIO C Yepernom LUMMMNaH3e MOXKeT 6biTb
06YC/NIOBNEHO PA3INYMAMM CTPOEHMUA 3aTbIIOYHOM 06NacTh, CBA3AHHBIMKM C BEpPTUKaNM3auMen Tena: B Yepenax aBCTPANoONUTEKa U
CMHAHTPONA TOYKA MHWOH PACMO/IOXKEHA HUXKE, YeM B Yepene WwunmnaH3e. CarutranbHble 06BoAbl MO3rOBOIO Yeperna CMHAHTpoNna 1 Yyepena
Cxyn 5 oTanyaroTca obwummn pasmepamu (rnaBHbIM 06pa3om, BbICOTOM MO3FOBOTO Yepena) U NON0XKEHMEM I0BHOW Yellyu, YTO OTParKaer,
aflanTMBHOE yBe/NMyeHne o6bema roJloBHOrO Mo3ra U M3MeHeHue ero Gbopmbl (passuTHe NOBHbIX f0/1ei) Ha 3TOM 3Tane aHTponoreHesa,
TOrAa Kak pasnnyma 3aTblIOYHON 061aCTU HEBENKM.

Pe3ynbTaTom aHannsa Gopmbl MO3roBOro Yepena YesoBeka C NOMOLLbIO IMHENHOM 1 NapabosnyecKon MHTEPNONALMIA ABUACA BbIBOA, O
TOM, 4YTO B KauyecTBe Hambonee 61M3KON annpoKcumauum ¢opmbl (MoAeNM) MO3roBoro 4epena MoryT 6biTb BblbpaHbl CpeauHHble
NOBEPXHOCTM NONIOBMHbI 3/IMMCONAOB BPaALLEHUA U cHeprUyecKUx KynoaoB pasHOM CTENEHU NONOrOCTM BMAOTL A0 NOMHOMO chepuyeckoro
Kynona (nonycoepbl). C UCnonb3oBaHWEM MNONOTUX CHepuyeckux KymnonoB JAocTuraetca Haubonee afeKBaTHas annpoKcumauus
CarnMTTaNbHbIX U GPOHTANbHBIX KOHTYPOB MO3rOBOrO Yepena LMMNaH3e, aBCTPANONUTEKA, apXaHTPOMNOB U YacTu NaneoaHTponos. B ceowo
ouepenb Y NPOTOKPOMAHbOHLEB M HEOAHTPOMOB B KadecTBe Hanbonee afeKBaTHOM MOAENU BbICTYNAIOT NOAHbIA chepUyecknin Kynon m
Kynosia, oyepyeHHble MO MOJOBUHE SAAUNCOMAANbHLIX MoBepxHocTel. C Mno3vuuii Teopun 060/104eK MNPUHLMMMANbHBIE PA3ANYUA
BO3/1eMCTBMA 3TUX KYMNOI0B Ha OMOPHYI0 KOHCTPYKLMIO CBA3aHbI C HaAnumem (y Noformx chepmnyeckmx Kynosos) U oTcyTcTarem (y mosHOro
chepuyeckoro Kynona u Kyrnona, O4epyeHHOro Mo MONOBUHE 3N/IMMNCOMAANBbHON NOBEPXHOCTU) FOPU3OHTANbHOW COCTABAAIOWENA CUbI
BO34eNCTBUA. B KayecTBe OMOPHOro Ko/sbLa, paboTalowWwero Ha pacTaAKeHuwe («BOCNpUHMMaHWE pacrnopa») B yepenax LWWMNaH3e,
ABCTPa/IONUTEKOB, apXaHTPONOB M YacTU Nasie0aHTPONOB BbICTYNAOT HAAMNA3HUYHbIN U 3aTbIJIOYHbIV BAaJIMKKU, HAa BbIPA*KEHHOCTb KOTOPbIX
B/UAET BEIMYMHA NPOLOAbHOMO AMameTpa Yepena 1 BbICOTa ero cBoa. [Mponcxoasallee B aHTPOMNoreHese yBesiMyeHne BbICOTbl MO3FrOBOIO
yepena M M3MeHeHue ero KoHoUrypauumn ¢ Gpopmbl nosororo chepuyeckoro Kynosna Ha ¢opmy nonHoro cdepuuyeckoro Kymosa (vam
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Kynosia, o4epyeHHOro Mo MNOJIOBUHE 3NAUMCOULANbHOWM NOBEPXHOCTM) NPUBOAMT CHayana K YMeHbLUEHMIO pacnopa, a 3aTem — U K
MCYE3HOBEHMIO BbICTYNAMOLWMX B PO/IM ONOPHOIO KOAbLA, HAAMNA3HUYHOIO M 3aTbIIOYHOTO BA/IMKOB.

NccnepoBaHve M3MEHYMBOCTU TOJILMHBI KOCTEW MO3rOBOrO Yepena B aHTPONOreHese BK/IKOYANO CrAaXKMBAHWME U3MEHEHUW TO/LMHDI
KOCTEM NO MeToAYy HAaUMEHbLUMX KBAZAPATOB W MO 3KCMNOHEHTE, @ TaKXKe PErpecCMOHHbIN aHaAn3 TOLLMHbI KOCTeM MO3roBOro yepena v
abconoTHOro Bo3pacta rommHna. CpeHAn TONLWMHA KOCTEM MO3roBOro Yyepena rommHua [6] coctaenset 6,60 mm 1 konebnerca ot 9,47 y
CUHaHTponoB fo 4,77 mm B 4Yepenax u3 CostoTpe. [na onpeneneHus cpefHeil TOMWMHbI KocTei mosrosoro 4yepena (TK, mm) no
abcontotHomy Bo3pacty (AB, TbiC. /1IeT) MCKONAaemol Haxo4KW npensiaraeTcs creaytolee ypaBHEHWE MNPAMOSUHENHOW perpeccuu:
TK=0,01AB+6,2+1 (Mm). Ucxoaa M3 BeAMUYMHBbI KOIpPUUMEHTa npsamonnHeiriHon perpeccun (0,01 Mm), MOXKHO caenaTb 3aK/HUYeHUe O
«CKOPOCTU TpaLMAn3aLMmU» KOCTEM MO3rOBOrO Yepena: B TEYEHWE KarKAbIX AeCATU TbiCAYeNneTUi TONLMHA KOCTEW MO3roBOro Yepena
ymeHbLanacb B cpegHem Ha 0,1 mm (Mam Ha 1 mm Kaxkable 100 Tbic. neT) U cTana meHble NoyTn B 2 pasa (9,47 mm y cuHaHTponos 1 4,77
Mm B yepenax u3 Contotpe). Mpu n3BecTHOM abCoMOTHOM BO3PACcTe MCKOMAEMOW HaXOAKM MOXKHO YCTaHOBWUTb OXMWUAAEMYIO CPEAHIo
TOJILLLMHY KOCTEW MO3roBOro Yepena ¢ TOYHOCTbo A0 1 mm. Mpu 3TOM, ecnun peanbHas TOALWMHA KOCTEN NPEBbIWAET OXUAAEMYIO, TO KOCTU
MO3roBOro 4Yepena MoryT OblTb OXapaKTepu30BaHbl KaK MaTypu3OoBaHHble W, HAOBOPOT, ecn peanbHasa cpefHAA TONLWMHA MeHblue
0XXMO3EMOW, TO 3TO MOYKET CBUAETE/IbCTBOBATb O MPaLMIM3aLMmM KOCTei MO3roBoro Yepena.

B oHTOreHese AvameTpbl Yepena My)KYMH 3aBepLUaloT POCT K NepBoMy Nepuogy 3penoro BO3pacTa, TOraa Kak AuvameTpbl yepena
KEHLMH, MeHee 3HauMTe/NbHO YBEeNMYMBaACb B NepBble ABaALaTb NeT, NPOAO/NKAT PacTM U B MepBOM Nepuoae 3pesioro Bo3pacTa.
O6HapyXeHa A0CTOBEPHAA NOMOKUTE/IbHAA CBA3b NPOAO/ILHOIO AMaMeTpa COo CTerneHblo 3yb4YaTocT 17amba0BUMAHOTO U BEHEYHOIO LIBOB,
a nonepevyHoOro AuameTpa — CO CTeneHbio 3y64aToCTM carmTTanbHoro wea. CreneHb obAUTEpaLMK LWBOB, NPEXAe BCEro Ha BHYTPEHHeMN
NoBEPXHOCTM MO3rOBOrO Yepena, yBe/IMYMBAETCA C POCTOM TOJILLMHBI AUNA03 U 06LWel TONWMHbI KocTei. OHTOreHeTMYeckme M3MeHeHun
obLlei TO/MWMHBI KOCTEM MO3roBOro 4Yepena M AMNAO03 annpoOKCMMWMPOBAHbI GYHKUMAMM acCMMNTOTUYECKOTO POCTa, OTpaKarowumu
3aKOHOMEPHOCTb YMEHbLUEHUA CKOPOCTM HApPACTaHWA TOJILLMHBI C BO3pacTom. Bo3pacTHas AMHAMMKA TOAWMHbI KOMMAKTHbBIX NAACTUHOK
annNpPoOKCMMMPOBAHa NapaboAnyYeckKMMU GYHKUMAMM C OAHMM MAKCMMYMOM, KOTOPblE OTPaKaloT 3aKOHOMEPHOCTb YBE/MYEHUA WX
TOIWMHBI K 3pe/IOMy BO3PaACTy U Aa/IbHENLLEr0 YMEHbLUEHUS.

OTMeYeHa MUHUMaNbHAA  GAYKTYMPYIOWAA acMMMETPUA  TOJLWMHbI  BHYTPEHHEN KOMMAKTHOW  MAACTMHKM, YTO  MOMKeT
CBUAETENbCTBOBATb 06 YMEHbLUEHUW CTEMEHWU BAUAHUA CTPECCOBbIX GAKTOPOB HA MAKPOCTPYKTYPY KOCTEN «CHAPYXKU BHYTPb». TONLWLMHA
KOCTW Ha ypoBHe rnabenna+onucToKpaHMoH He CBA3aHa CO CpefHel TONLLMHON KOCTU. Bo3pacTHOe yBeanYeHUe TONLMHbBI KOCTU Ha 3TOM
YPOBHE B Yeperne KeHWWH MPOMCXOAMT 33 CYeT pasmepoB MNOMIOCTU Yepena, TOr4a Kak B 4yepene MYXKUYMH HanpaB/iieHO «BOBHEY,
06ycnoBNMBan B 3HAUYUTENbHOM CTENEHU BEIMYMHY NPOAO/bHOTO AMaMeTpa.

Ha oCHOBaHWWM UCCNeAOBaHHbIX MOPPOreoMeTPUYECKMX MNapPamMeTPOB KOHCTPYKUMOHHOW YCTOMYMBOCTM MO3rOBOro 4Yepena -—
NPOLONALHOTO W MOMEPEYHOro AMAMETPOB, TO/LWMHbLI KOCTM, KOMMAKTHbIX MNJACTUHOK W AWMN03 — pa3paboTaHa KOHCTPYKLMOHHas
TUNONOIMA MO3rOBOIO Yepena U NPoBeAEeHO KPAaHWOTUMMPOBAHUE, TO €CTb BblAe/IeHNE TUMOB KOHCTPYKLLMOHHOW YCTOMYMBOCTM MO3TOBOMO
yepena YesoBEKA K BHEWHUM MEXaHMYECKUM BO34EWCTBUAM (KPaHMOTUNOB). BbliaeneHune rpajaumini napamMmeTpos NpoBOauAU, UCXOAA U3
dopmupoBaHMA cpedHen Tpynnbl, BKAOYalOWeN yepena ¢ napametpamu Mz=0,670, Kak 3TO MPUHATO B KOHCTUTYLMOHANbHbIX
nccnefoBanuax, U M10,550, Kak 3To NPUMHATO B KpaHWonoruu. NMocnesHui Kputepuii NpeacTaBaseTca 6osee NpeanoyYTUTENbHBIM, TaK Kak
AenaeT pe3ynbTaTbl CONOCTaBUMbIMU C AaHHbIMK B.M. Anekceesa u I.®. Oebeua [7]. BbiaeneHol cnegytowme TUMbl KOHCTPYKLMOHHOM
YCTOMYMBOCTM MO3roBOro yepena (KpPaHWOTUNbI): CMpYKmMypHo-ycmolivuebili Tun ¢ 601bWwo TONAWMHOM KOCTU U 6oNbWMMK paguycamm
KPUBM3HbI, B KOTOPOM YCTOMYMBOCTb obecrneymBaeTcA 6ONbLUIONA TOAWMHOMW KOCTU WMAW ONTUMAJIbHbIM COOTHOLUEHMEM TOJILMUHbI
KOMMaKTHbIX MAACTUHOK WU AUNN03; KOHGU2YPAYUOHHO-ycmoliyueblli TUM C Manol TO/LLMHOW KOCTU U ManbiMU PajUycamn KPUBK3HBI, B
KOTOPOM YCTOMYMBOCTb OMpeaensercs ManbiMv paguycamu KpuBWU3HbI;MOpghoao2uvecKu-ycmoliyuesiii Tun, B KOTOPOM YCTOMYMBOCTb
obecneumBaeTcd Kak 6O0NblION  TOAWMHOW KOCTM WAM  ONTUMANbHbIM COOTHOLIEHMEM C/lI0eB, TaK W ManbiMW  paguMycammu
KPUBU3HbI; MOpghosoauyecKu-HeycmoUliyussiii TN ¢ Manoi TONLLMHON KOCTU U BONbLUMMK paguycaMu KpUBKU3HbI [8].

PaspaboTaHHas KOHCTPYKLMOHHAA TUMOJIOTUA MO3rOBOTO Yepena COOTBETCTBYET, C OAHOW CTOPOHbI, NPeACTaB/leHUsM O TOM, YTO
mopdoaorMyecknii TMn Yepena B Hanbonbluen cTeneHn onpeaenseTca ero rnaBHbIMM pasmepamu, a C APYrol CTOPOHbI, COrnacyeTcs ¢
AaHHBIMK O 3aBUCMMOCTM MPOYHOCTM MO3FOBOrO Yepena oT ero Gpopmbl, CBA3M YACTOTbl KOCTHOM TPAaBMbl C TONLWMHOW KOCTE MO3roBOroO
yepena, 3aBMCMMOCTM YCTOMYMBOCTM MO3FOBOTO 4epena OT TPEXCAOWHOM «CIHABMYEeObpPasHOM» CTPYKTypbl ero KocTtei. Ecau
3BO/IOLMOHHbIE NPeobpa3oBaHUA, NPUBOAALLME K PACOBOM W MONYAALUOHHOW M3MEHUYMBOCTM MO3TOBOIO Yepena YesoBeKa, CBA3aHbI C
aflanTaumelt K NOCTeNeHHO W MOCTOSHHO [JEWCTBYIOWMM CNabbiM BAUAHWUAM, 3aBUCALMM OT reorpaduyeckux ycnoBuii apeana, To
3BONOUMOHHbIE NPeobpa3oBaHMA MO3rOBOrO Yepena KaK KOHCTPYKUWMW, 3aLLMLLAIOWEN FO/IOBHOMW MO3F OT BHELWHUX MeXaHWYeCKUX
BO34EWCTBUIM, BO3HWMKAIOT B pe3y/abTaTe afanTauum K IKCTPEMANbHbIM 3AMMUHUPYOWMM (aKTopam, AEWCTBYIOWMM MNaHOMKYMEHHO
(TpaBma). 3TO HaxoAMT OTparkeHne B Npeobpa3oBaHUAX Yepena, NPOUCXOAALLMX NOC/Te NPeKpaLLeHna AeicTBKUA oT6opa No o6bemy mosra
B YC/I0BUAX MOCTOAHCTBA K/AMMaTo-reorpaduyeckux GakTopos, U CBUAETENLCTBYET 06 OTHOCWUTENbHOW He3aBUCMMOCTU GOPMUPOBAHMUSA
pacosbix (NOMNYAAUMOHHBIX) MU KOHCTPYKLIMOHHbIX OCOBEHHOCTEI MO3roBOro Yepena: KpPaHWMOTUN NpeacTaBnseT coboi NaHOMKYMEHHbIN
aAanTUBHbLIA TWUN, NPOABAAIOWMIACA HE3aBMCMMO OT 3THOCA, Pacbl MW YCAOBWUIA CyL,EeCTBOBAHWA nonynaumii. KOHCTPYKLMOHHan
YCTOMYMBOCTb MO3rOBOrO Yeperna YesiOBEKa MOAYMHAETCA AEWCTBUIO CTabuamnsupylolero otbopa, pesynbTaTOM KOTOPOro sABAseTcs
3MMUHALMA MOPPONOTMYECKM HEYCTOMYMBOrO KPaHWOTMNA € BONbLWIMMU pPaguycamu KpuMBWM3HbI U Masol TONLWMHOM KocTel. To ecTb,
BHELWWHWE MexaHM4YecKue BO3aeWcTBUA ABAAOTCA (GaKTopom oTbopa, OonpefenAloWwmM CeneKTUBHbIE NpeumylLecTBa Tpex Apyrux
KPaHMOTMNOB MO CPaBHEHUIO C MOPQPONOrMYECKM-HEeyCTOoMUYMBbIM. B OHTOreHese npocnexusaerca o6Wana TeHAEHUMA M3MEHeHUn
YCTOMYMBOCTM Yepena oT KOHUIypaLMOHHOW, 06YCNOBNEHHOW MaibiMU PaguycaMmu KPpUBU3HbI, K CTPYKTYPHOM, 0bycnoBneHHol 6obLwoi
TONWMHOM KocTeit [9].

O6cyaeHue

McxoaHble ANA MO3BOHOYHLIX OTAE/Nbl MO3rOBOTO Yepena ABAAIOTCA pe3ynbTaTom MopdoreHesa nofo6HbIX 6UONOrMYECKUX
KOHCTPYKLMI MOCPeACTBOM MOC/NEAO0BATENbHbIX AeNeHWUit 3MOPUOHaNbHOTO MNoNfA, NpeAcKasaHHbIX MOAenblo TblopWHra AnA 3AauMnca.
MWHUMaNbHON U3MEHYMBOCTBIO B MO3rOBOM Yepene 06/1afaeT TOYKA, PaCMONOXKEHHaA MeXAy KAMHOBUAHO-pELLEeTHaTbiM
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(TpabeKynApHbIM) 1 3aTbIIOYHO-YLIHbIM (MapaxopAasbHbiM) OTAENaMU B CPEAUHHON MAOCKOCTM Ha OTPE3Ke, COeAMHAIOWEM A4Ba KPYr/biX
OTBEPCTUA, KOTOPasA MOXET BbITb PEKOMEHA0BAHA B Ka4eCTBE LLeHTPMPYIOLLEN B KPAaHMONOMMYECKUX UCCNEA0BaHUAX.

Bepywan TeHAeHUMA npeobpa3oBaHMit MO3roBOro Yyepena B aHTponoreHese, NPeACTaBAAs COOOM KOMMPOMMCCHYIO ONTUMMU3ALLMIO
060/104KM, Hanpas/ieHa K rpauuIbHbIM Yepenam «nostoca chepbl», TO ecTb BbICOKMM 6paxvKpaHHbiM dopmam, obecneynBatoLmMm
MaKCMMa/ibHY0 €MKOCTb M BbICOKYIO KOHCTPYKLUMOHHYIO YCTOMYMBOCTb MPU MUHMMA/bHbIX 3aTpaTax maTepuana. OHa MPoOXoamuT Mexay
3BOJIIOLUMOHHBIMM BEKTOPaMM, Hanpas/ieHHbIMM NGO K Yepernam C BbICOKOW KOHCTPYKUMOHHOM YCTOMYMBOCTbIO (HE COOTBETCTBYIOLLMM
BedyllemMy aganTUBHOMY MPUHUMMNY MUHUMM3ALMKM MacCbl 3@ CYET CBOEM BblpaXKeHHOM maTypusauuun), nMbo K yepenam ¢ 60AbLION
€MKOCTbIO (He MMeloLLLel Ha CTaguu NaNeoaHTpPoNa U HEOAHTPONA CENEKTUBHOM 3HAYMMOCTH).

BbIpa)KEHHOCTb TO/WMHbLI KOCTM Ha YpOBHEe rnabenna+onuUCTOKPaHUOH, MNPOABAAACH B CTENeHWM pPasBUTUA HaATNA3HUYHOMO U
3aTbIIOYHOrO pesibeda M HaxoAACb B 3aBMCMMOCTU OT BEINUYMHbI FOPU30HTaNbHOM COCTaBAAIOLWLEN CU/Ibl BO34ENCTBUA CBOAA Yepena Ha
KOCTM /NLL@ U OCHOBaHMeE Yepena, YMeHbLIaeTcs B COOTBETCTBUM C MPUHLMMNOM MUHMMMU3ALMM MAcCbl MPU yBENNYEHUM BbICOTbI CBOAA
(chepusaunm) uepena nam NpubANKEHUN ero GoPMbI K MONOBUHE INANMNCOMAA BPALLEHMSA.

MOAUYMHAACL 3aKOHY HOPMa/IbHOTO pacnpefeneHus W Bapbupya He3aBUCMMO Apyr OT Apyra, MOKasaTesM KOHOWUrypauuoHHOM
YCTOMUYMBOCTM CBA3AHbI C MOKa3aTeNAMM CTPYKTYPHOMN YCTOMUMBOCTM MOCPEACTBOM LWBOB. Yem Bbilwe 3y6YaToCTb LWBA U, TEM CaMbIM,
naowWwaab KOHTaKTa Koctei, Tem 6osiblie AMameTp, 3aBMCALWMIA OT anmno3snLUMM KOCTHOM TKaHM B 3TOM LIBE, KOTOPas, B CBOK ouyepesb,
CBA3aHa C MaKPOCTPYKTYpOM KOCTel: cTeneHb 06/aMTepauuu LWBOB, NPEeXAe BCEro Ha BHYTPeHHeWl MNOBEPXHOCTM CBOAa Yepena,
YBE/IMYMBAETCA C POCTOM TOJILLMHBI AUNA03 U 06LLLEN TONLLMHBI KOCTH.

OCHOBHbIMW TEHAEHUMAMM Npeobpa3oBaHMit MO3roBOTO Yepena B OHTOreHese, 60/siee BbIPaXKEHHbIMW B MYMKCKMX Yepenax w
MPOTEKAIOWMMM C MOCTOAHHLIM YMEHbLUEHWMEM CKOPOCTU, ABAAIOTCA MPUBIMMKEHME Yepena K «MOoJIoCy 30/10TON NPOMopUMM», a TaKKe
«MaKpoKedanmsauma» M «MmaTypmsauma», CBA3aHHbIE C YBEIMYEHMEM €MKOCTM U TOWMHbI KOCTeR. ITU M3MEHEHUA NPUBOAAT K CMeHe
KOHOUIYPaLUMOHHON YCTOMUYMBOCTM, OBYCNOBNEHHON ManbiMM AUAMETPAMKU MPU Manol TOJLLUMHE KOCTEW, CTPYKTYPHOW YCTOMUMBOCTbLIO,
0bycnoBneHHoOW 60NbLLIONK TONLWMHOM KOCTe Npy BoNbLINX AnameTpax.

Pasmepbl MO3roBoro 4Yepena B OHTOTeHe3e MeHsAloTcA 6onee 3HaUMTENbHO, YeM ero dopma. AunameTpbl Yepena MyKUYMH 3aBepLuaoT
pOCT K MepBOMY Nepuoay 3penoro BO3pacTa, TOrAa KaK [AMAaMeTpbl Yeperna KeHLLMH, MEHee 3HauYUTe/NIbHO YBENNYMBAACH B MepBble
ABagUaTb NeT W3HW, MPOLO/IKAT pacT M B MepBOM nepuoge 3penoro Bospacta. OTMeYaloTCA TaKKe HEeKOTopoe yBennyeHue
nonepeyHoro AMameTpa Yepena My»KYMH U yMeHbLUeHME NPOAOAbHOIO AMAaMETPa Yepena KeHLWMH BO BTOPOM Nepuoae 3pesioro Bo3pacTa.

ToNWMHA KOCTU Ha YPOBHE rnabenna+onnCcToOKPaHMOH He CBA3aHa CO CpeaHen TONWMHOMN KOCTU. YBeMYeHUe TOLWMHbI KOCTU Ha 3TOM
YPOBHE B uYepene KEHLWMH NPOUCXOAMT «3a CYET» Pa3MepPOB MOJIOCTU Yepena, Torga Kak B Yepene MyKUYMH HampaB/NEHO «BOBHEY,
06yC/N0BNMBAA B 3HAYMUTE/IbHOW CTEMeHU BeWUYMHY NPOAOAbHOro AuvameTpa. MuHuMManbHas GAYKTYMpylowas acCMMMETPUA TOLMHbI
BHYTPEHHEW KOMMAKTHOM MAACTMHKM CBUAETENbCTBYET O TOM, YTO CTEMeHb BAWAHMA CTPECCOBbLIX GpAaKTOPOB Ha MaKpPOCTPYKTYpYy KOCTel
MO3rOBOrO Yepena Ye0BeKa YMEHbLUIAETCA KCHaPYXU BHYTPb».

3aknioueHune

KOHCTPYKLMOHHAA YyCTOMYMBOCTb MO3roBOrO 4Yepera BO3HMKAET B pe3y/bTaTe afanTauuMu K 3KCTPEMasSbHOMY 3MMUHUPYIOLLEMY
NaHOMKYMeHHOMY (aKTOpy MeXaHWYeCcKOM TpaBMbl, KOTOPbIA, HapAagy C MPUHLMAOM MWHMMWM3ALMKM MACCbl U IHEPIUKU, a TaKKe
obecneyeHnem ONTUMaNbHOW €MKOCTH, O0BYCNOBNMBAET M3MEHYMBOCTb PasmepoB, GOpMbl MO3TOBOrO Yeperna U MAKPOCTPYKTYpbl ero
KOCTEM MeX Iy NON0CaMN KMAaKPOKPaAHUM» U K MUKPOKPaHUM», «chepbl» U «30/10TOW NPONOPLUMY», KTPALUABHOCTUN» U «MACCUBHOCTUY.

MopdoreomeTpryeckne napameTpbl KOHCTPYKLMOHHOM YCTOMYMBOCTM MO3FOBOrO Yepena BKAHOYAKT €ro OCHOBHble AMAMETPbl Kak
nokKasaTesin KOHOUIYPaLMOHHON YCTOMUYMBOCTM, A TaKKe TONLMHY KOCTEM M MUX CN0EB KaK MOKasaTenn CTPYKTYPHOMU YCTOMYMBOCTU. ITU
NPU3HaKK, umea GyHAAMEHTaNbHYIO aJanTUBHYIO LEHHOCTb AN1A CYLW,EeCTBOBaHUA 4YenosBeKka B 060N cpefe, OTHOCATCA K BUAOBbIM W
npeacTaBAAoT coboi «Haapacosbie» MopdOorMyeckme YepTbl.

O6BbeKTMBHO CYLLECTBYIOWMM KOMMIEKCOM aJanTUBHbIX MOPGOreoMeTpUYecKUX MNapameTpoB, ABAAIOWMXCA WHTErpasbHbIMU
nokasatensamm pasmepoB M GOpmbl MO3rOBOro yepena (AMameTpbl), MaKPOCTPYKTYpbl (TONWMHA KOCTENM, KOMMNAKTHbIX MAACTUHOK M
ANNN03), ONpeaenaowmx U OTPANKAIOWMX ero KOHCTPYKLMOHHYIO YCTOMYMBOCTb M Mpoduab UHAMBUAYANbHOIO PasBUTUA, ABAAETCA
«KpaHWoTUn». Hanbosee KOHTPACTHbIE MapPrMHaANbHbIE KOMMIEKChI 3TUX MapKepoB BblAeNeHbl NPU OCYLLLECTBAEHUN KONUTOTUNUYECKOTO»
noAxofa B KPaHMOTUMONOTMM, afAE€KBAaTHOCTb KOTOPOrO MOATBEPNKAEHA Pa3INUMAMWU BEPOATHOCTM BO3HUKHOBEHWA Mepenoma KocTen
MO3roBOro Yepena B pasHbIX KpaHMOTMNAX.
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